Classical Hodgkin lymphoma (cHL) is a clinicopathologically unique, aggressive lymphoma arising from germinal center B-cells and is one of the most curable hematological malignancies. This study aimed to determine the clinical course, treatment regimens, response rates, and survival data of patients diagnosed with cHL in a tertiary center.
INTRODUCTION
Hodgkin lymphoma (HL) is a clinicopathologically unique, aggressive lymphoma, originating from germinal center B cells. HL is one of the most curable of all hematological malignancies. With an annual incidence of 2-3 per 100,000, it accounts for 0.5% of all new cancers diagnosed in the United States [1] . There are huge variations in the epidemiologic and clinicopathological characteristics in relation to geographical and socioeconomic status. Although bimodal age distribution is common among industrialized countries, the disease appears predominantly during childhood in developing countries and its incidence decreases with age [2] .
HL is classified into two major types: classical HL (cHL) and nodular lymphocyte-predominant HL, accounting for 95% and 5% of all HL cases, respectively [3] . Classical HL is further subdivided into four major histological subtypes: nodular sclerosis, lymphocyte-rich, lymphocyte-depleted, and mixed-cellularity [4] . The combination of different, highly effective treatment modalities has led to progressive improvements in outcomes and higher long-term cure rates [5] . The use of intensive chemotherapy regimens as first-line treatments has shown additional benefits with regards to progression-free survival, compared to conventional chemotherapy with ABVD (doxorubicin, bleomycin, vinblastine, dacarbazine), for advanced-stage cHL [6] .
In Malaysia, the crude incidence rate for HL from 2007 to 2011 was reported as 0.6 and 0.4 for men and women, respectively [7] . Unfortunately, there is a lack of outcome data for HL patients treated in Malaysia. Therefore, this study was designed to determine the clinical course, treatment regimens, response rates, and survival data for patients diagnosed with cHL in our large tertiary center. Different treatment regimens were compared retrospectively to obtain the survival benefit and progression-free survival. This study aims to improve the management of HL for our future patients. To the best of our knowledge, this is the first published study evaluating clinical features and treatment outcomes for HL in Malaysia.
MATERIALS AND METHODS

Patients and methods
Patients aged 13 years and older who were diagnosed with cHL between January 2013 and December 2017 in the main tertiary referral hospital in Johor, Malaysia, were recruited in this retrospective study. A total of 120 patients were diagnosed with HL during this period; of these, 1 patient with nodular lymphocyte-predominant Hodgkin lymphoma and 1 patient with a composite tumor (with diffuse large B-cell lymphoma) were excluded. Records for 10 patients were either missing or incomplete. Among the remaining 108 patients, 14 were not included in the outcome analysis for the following reasons: 8 withdrew from front-line treatment, 4 did not receive any treatment (patients declined), and 2 transferred to other centers for treatment, leaving 94 patients available for outcome analysis. This study was registered with the National Medical Research Register, Malaysia, and the ethical approval for this study was obtained from the Medical Research and Ethics Committee (MREC), Ministry of Health Malaysia.
Clinical and sociodemographic characteristic
Demographic data, presenting symptoms, routine laboratory and histopathology results, staging, treatment plans, and treatment outcomes were reviewed from patients' records. Pathological specimens were classified according to the World Health Organization (WHO) classification [4] . Patients were staged according to the Ann Arbor Staging system [8] . Staging procedures used, including data of history, clinical examination, contrast-enhanced computed tomography (CECT) or positron emission tomography (PET-CT), and bone marrow examination, were recorded. Bulky disease was defined as lymph node mass ＞10 cm in diameter or mediastinal mass exceeding one-third of the maximum chest cavity on an upright posteroanterior chest radiograph or CECT [9] . Patients with stage I, IIA, and IIB (non-bulky with no extranodal disease) were considered to have early-stage disease. Those with stage IIB (bulky or with extranodal disease), III, and IV disease were considered to have advanced-stage disease. Patients with advanced-stage disease were also classified according to the International Prognostic Score (IPS) [10] . This score considers 7 risk factors that have been shown to be associated with failure-free survival and overall survival: age ＞45 years, male sex, stage IV disease, albumin level ＜4 g/dL, hemoglobin level ＜10.5 g/dL, white cell counts ＞15,000/L, and lymphocyte counts ＜600/L or 8% of the white cell count [10] . Patients with 2 or fewer risk factors were considered low-risk, while those with 3 or more were considered high-risk. The treatment modality and chemotherapy regimens were recorded and use of adjuvant radiotherapy was documented.
Treatment protocol
The treatment plan for patients with early-stage cHL was 6 cycles of ABVD (doxorubicin, bleomycin, vinblastine, dacarbazine) chemotherapy with or without consolidative radiotherapy. In advanced-stage disease, patients were treated with either ABVD chemotherapy or escalated BEACOPP (bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, prednisolone, procarbazine) with interim PET-CT assessment. Consolidative radiotherapy was administered at the end of chemotherapy for bulky tumors or localized end of treatment PET-CT positivity. Escalated BEACOPP was utilized in our center beginning in November 2016. Interim PET-CT was performed for assessment, and patients with a good response were de-escalated to ABVD for the subsequent cycles. Due to resource constraints and long waiting lists, patients would receive 2-4 cycles of escalated BEACOPP prior to PET-CT assessment. Patients with refractory or relapsed disease were administered salvage chemotherapy, followed by high-dose therapy and autologous stem cell transplantation, when possible. Salvage therapy included ICE (ifosfamide, carboplatin, etoposide), DHAP (dexamethasone, cytarabine, cisplatin), and GDP (gemcitabine, cisplatin, dexamethasone). As brentuximab vedotin was not routinely available in our center, only selected patients received it as maintenance therapy post autologous stem cell transplantation.
Outcome definition
Responses were defined according to the revised response criteria for lymphoma [11] . Imaging evaluations included both CECT and PET-CT. Progression was defined as relapse or failure to achieve complete response (CR). Overall survival (OS) was calculated from the date of diagnosis to the date of death or last contact. Progression-free survival (PFS) was calculated from the date of diagnosis until the date of progression or death or last contact.
Statistical analysis
The data collected were analyzed using the Statistical package for the Social Sciences (SPSS) version 22 (SPSS Inc., were considered statistically significant.
RESULTS
Sociodemographic characteristics
Ninety-four patients were included in this retrospective study with a median age of 27 years (IQR, 12) at diagnosis. The baseline characteristics of these patients are shown in Table 1 . There was an early peak in young adults aged 15 to 30 years without a second peak at a later age group. Fifty-eight patients (61.7%) were men, and the male to female ratio was 1.61:1. Most of the patients were ethnic Malay (73.4%) followed by Chinese (14.9%), and Indian (10.6%). The most common presentation was palpable lymph node mass (81.4%) and 73.4% had B symptoms upon diagnosis. Thirty-four (36.2%) patients had bulky disease and 26 (27.7%) had extranodal involvement.
Nodular sclerosis (77.6%) was the most common histological subtype followed by unclassified cHL (14.9%), and mixed cellularity (6.4%). Only one patient had lymphocyte-rich HL, and none had a lymphocyte-depleted subtype. One patient presented with stage I disease, 49 (52.1%) patients presented with stage II, 20 (21.3%) with stage III, and 24 (25.5%) with stage IV disease. Among these patients, 56 (59.6%) had advanced-stage disease, while 38 (40.4%) had early-stage disease. 
Treatment characteristics and response assessment
All patients received chemotherapy. Eighty patients (85.1%) were started on ABVD as first-line treatment, while 14 (14.9%) began with escalated BEACOPP. Among patients with advanced-stage disease, 43 patients received ABVD, while 13 patients received escalated BEACOPP as their first-line treatment ( Table 2) .
Thirteen patients (13.8%) received radiotherapy (RT) as consolidation post chemotherapy. Thirteen patients underwent autologous stem cell transplantation following salvage chemotherapy in relapsed refractory disease and 5 patients received brentuximab vedotin (BV) maintenance post transplantation.
During front-line therapy, 2 patients died due to disease progression. Among the 92 patients evaluated after front-line treatment, 70 patients (76.1%) achieved CR, 15 (16.3%) had partial response (PR), and 7 patients (7.6%) had progressive disease. The CR rates for early and advanced disease were 84.2% and 70.4%, respectively. Among patients with advanced disease receiving ABVD, the CR rate was 68.3%, compared to 76.9% with escalated BEACOPP.
Overall survival and progression-free survival
With a median follow-up duration of 28 months (IQR, 32), the 2-year overall survival ( Fig. 1A ) and 2-year progression-free survival (Fig. 1B) rates were 96.5% and 71.1%, respectively. The 2-year OS for early and advanced disease were 100% and 93.9%, respectively (P=0.252) ( Fig. 2A) . The 2-year PFS for early and advanced disease were 82.7% and 62.8%, respectively (P=0.052) (Fig. 2B ). Twenty-one patients received salvage chemotherapy (DHAP, ICE, GDP or a combination of the three) following disease progression, partial response, or relapsed disease. Three (14.3%) of these patients died: 2 from disease progression despite salvage therapy and 1 from neutropenic sepsis. Three of the 4 patients who had relapsed after attaining remission achieved a second re- mission following salvage chemotherapy and autologous stem cell transplantation. Among patients with advanced disease, 12-month OS rates were 94.9% and 100%, respectively, for patients receiving ABVD and escalated BEACOPP (P=0.763) (Fig. 3A) , while the 12-month PFS rates were 69.1% and 75.5%, respectively (P =0.427) (Fig. 3B) .
Prognostic factors and treatment toxicities
The results from log-rank tests for PFS and OS are shown in Table 3 . Among the potential risk features and clinical characteristics studied, only extranodal disease had a significant impact on the 5-year PFS (P =0.002) in univariable analysis. Otherwise, none of the other studied features had significant effects on the OS and PFS for our cohort. Extranodal disease remained the independent prognostic factor for poorer PFS under the multivariate cox proportional hazards model (Table 4) .
Within our cohort, 5 patients developed neutropenic sepsis during treatment, 3 developed pulmonary fibrosis secondary to bleomycin, and 1 developed cardiomyopathy secondary to anthracycline. No secondary malignancies after treatment were documented in any of the patients.
DISCUSSION
In our retrospective study, we describe disease presentation and treatment outcomes for HL patients in our center in Malaysia. A bimodal age-specific incidence pattern, with a relatively high proportion of cases in adolescents and young adults, is commonly observed in Western industrialized countries [2] . However, we observed an early peak in young adults without a bimodal age distribution in our cohort and similar findings were also reported among Hong Kong Chinese patients diagnosed with HL [12] . Nodular sclerosis was the most common histological subtype found in our patients followed by mixed cellularity. This is more approximate to the pattern in developed countries in contrast to the developing world, where the mixed cellularity type has been reported to be predominant [13] .
More than half of our patients (52.1%) presented with stage II disease and the rest (46.8%) presented with stage III and IV disease. In studies from United States and Europe, 60 to 70% of the patients had early-stage disease (stage I and IIA) [14] , while advanced-stage disease is more common among patients from developing countries [15] [16] [17] . Several factors may contribute to this observation. Firstly, lack of awareness in our population may lead to a delay in diagnosis when the patient notices lymph node masses. Moreover, some patients choose to seek complementary and alternative medicine before seeing a physician and this further delays the diagnosis. Secondly, fine needle aspiration cytology (FNAC) of an enlarged lymph node is often the first sampling investigation performed in Malaysia, but FNAC is unable to reveal the architecture of the involved lymph node; malignant HL cells are not detected by flow cytometry. Thus, FNAC is never sufficient for a new HL diagnosis [13] and may delay a definite diagnosis.
ABVD remained the most commonly used chemotherapeutic regimen in our center. Ease of outpatient administration, infrequent hospital admissions for neutropenic sepsis, and infrequent use of relatively expensive growth factors following chemotherapy are among the factors leading to its preferred use. In contrast to the recommended PET-guided regimen used in early-stage disease, 6 cycles of ABVD were commonly administered for both early-and advanced-stage disease in our center because of limited access to PET-CT. The lack of an in-house radiotherapy service has led to underutilization of RT; the option of using a single modality i.e. chemotherapy has been described in previous studies [9, 18] . The National Cancer Institute of Canada Clinical Trials Group (NCIC CTG) HD.6 trial compared 4-6 cycles of ABVD alone with subtotal nodal irradiation, adding ABVD only in patients displaying an unfavorable risk profile. After 12 years of follow-up, both treatment approaches had identical OS with a favorable risk profile, and a small but significant OS benefit was observed in patients receiving ABVD alone without irradiation who had an unfavorable risk profile [19] . Therefore, in patients with concerns regarding late radiation toxicities, ABVD alone is a feasible approach.
Our treatment outcomes were comparable with studies published in developed countries for early-stage disease (early favorable and unfavorable) [19, 20] , but inferior for advanced-stage disease [6, 21, 22] . Among patients with advanced-stage disease, a smaller cohort with a shorter duration of follow-up who started on escalated BEACOPP showed no statistically significant differences in outcomes compared to our study. However, we observed a higher percentage of patients achieving CR (76.9%) compared to ABVD (62.8%). Most of the studies have concluded more intensive chemotherapy such as escalated BEACOPP in advanced-stage disease would lead to a better progression-free survival without a marked improvement in overall survival [23] [24] [25] [26] . One of the possible reasons for this is the availability of effective salvage chemotherapy followed by high dose therapy and autologous stem cell transplantation. Longer follow-up for complications, especially secondary malignancy, will be important for this group of patients as recent long-term follow-up from the HD15 trial reported 10-year cumulative incidence rates of second cancers at 7% and 10% for patients treated with 6 and 8 cycles of escalated BEACOPP, respectively [27] .
We investigated the relationship of several disease risk features and patients' clinical characteristics, including age, B symptoms, disease stage, LDH levels, bulky disease, and extranodal disease with OS and PFS. Generally, only extranodal disease emerged as a significant prognostic factor in our cohort. The absence of clinical significance between survival and disease stages or IPS is likely due to the short follow-up duration.
This study is limited by its retrospective nature and short follow-up period. Our documentation of long-term monitoring for secondary malignancy or cardiovascular and lung complications from chemotherapy and radiotherapy was not comprehensive. This is important as part of the treatment outcome. Although this is a single center study, it provides insight into the clinical presentation and treatment outcomes among patients with HL in Malaysia. A longer follow-up would be important to discover differences in outcomes with various chemotherapeutic regimens.
